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__ Some ways in which microcompute can contribute to 

the quality of instruction are outlined atid problems that limit their 
usefulness, particuiarlythe scarcity of good software^ are 
discussed. The advantages^'qf ysing microcomputers as instruct ibrial 
tools are identified as more act iye learnings more varied sensory arid 
conceptual modes, learning with less mental drudgery, learning nearer 
the speed of thought, indiy^idua|ly tailored leaf ning, tnore 
iridepehdeht learning, and better aids to abstraction. The following 
seven problems of using microcomputers are also outlined: (1) the 
fact that microcomputers can suppl:ement but not substitute for 
cpriveritibrial education; {2J difficulties in their use; (3) rapid 
change- arid lack of staridardizatioh in the microcomputer marketplace;^ 
(4) the scarcity of good software ; (5) the lack of knowledge on 
optimiiin methods of educat ibrial cbmputiiig^ (6) the fact that computers 
favor formalism over judgiiierit ; arid (7) the inability of computers to 
solve social arid other .problems iri_ educatibri . Software development 
t^me and cost, machine iri.cbmpatibility > software piracy, difficulties 
» software location and review, home market cbmpetitiori, arid the 
difficulty of integrating, sof twaf e irito ' bther classroom activities 
are identified^s factors contributing to the software shortage 
problem. Suggestions for overcoming the softwar prbblemare alsb 
brief iy reviewed^ such as the use of .tobl-type , itibdif iable -, arid 
electronic blackboard programs. (ESR) 
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The romance and adventure the per*sonal» 
computer holds for many educators and 
layrfien are undeniable.j In a time of^ 
stringent fiscal aust&<i ty ' sdf^ools still 
find ways to btQt computeT^s for the 
• classroom. PTAs collect money 'through 
bakesales , ^parents donate equipment, 
teache-rs buy machines for their classrooms 
out of their own funds, principals find 
ways to economize on toilet paper and use 
the. savings for a computer. Both the 
public press and professional journals 
sport articles on computers In nearly 
every issAjep 

It is impbssible predict how Ibn^ - 
computers -1 n-educat i on wi 11. hol d t he 
spotlight of, put)lic and professional 
a,tteht.idh. Five years would be ah 
excellent run; 10 years wbulcl be the best 
since progressive education* What con- 
cerns itle, however^ is hot the length of* 
tlie'run but what will remain in the " 
schools when th^ bbbm ha^ruh its course 
and a new act has captured t^i'e spotlight. 
When that happens, the fat^ of cbmputers- 
in-educat ion wi 1 1 depend on the ihstruc- 
ti(pnal use5 to which teachers arid students 
can put their computers*. 

This paper wi 1 1 outline some ways that 
microcomputers can contribute to the 
quality of instruction and will al-so 
identi fy some of the problems that limit 
their usefulness. One of these problems-- 
the scarcity of good programs or "the 
software Pfo^l ^"^'':"-ls_the focus of the- 
second part of the paper. 



K PbfENTIAL LIMITATIONS OF 

MieRbedMPUTERS 



As a student ^bf elementary and 
secondary schbbl curriculai I have 
witnessed the parade bf refbrins and 
innovations since Sputnik, and have me^rched 
in many of them myself. Now ^ 20 years 
later, I would call myself a hardened, 
veteran *of educational revblut ions . And ^ 
yet I f.ind myseLf excited by the educative 
potential of microcomputers --hot just the 
dream machines of tomorrow but also 
today's Applet, Atari s, TRS-8t3s, and IBMs. 

^"^^Pi^^ _ ^^Qid repeating my past 

mi stakes ,1 have tried to assess careful ly 
and pbjectively the potential and the 
limitations o-f today ^s microcomputers as 
educational aids. Briefly, I believe that 
today's microcomputers represent a sub- 
stantial and exciting educational 
resource, but one with distVnct limita- 
tion:^. And i' believe, that exploiting this 
resource will be a difficult and dangerous 
tindertak'ing' for schools. 



The Potential of Micros Today 

' What carl students le^rh or teachers 
teach using computers that they could nbt 
do, or could db bnly with difficulty, 
otherwise? This is the fundamental 
question. My exper1ehce--derived from 
three years of reading, thinking^ and 
working with computers and cbrnputer^-based 
education programs*'--l eads me to identify 
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seven main ways thiit today micro-. 
cpmput.&rs '<:an cbht ri bute to educati on . 
These are: ij more active learning, 2) 
m'ore varied; sensory and cqnceptua] modes^, 

-3) less mental drudgery, 4) learning ' 

hearer ttie speed of tliought.,' 5) learning 
better t^ij'dred to individuals, 6) more 
•independent learning , and 7] better ai ds^ 
to abstraction. I will comment briefly on 
&ach of these capabilities. 

1. Mar3- active learning . One of the. 
most universal pTeas of educational 
reformers from John Ailios Comenius to' dohn 
Holt is for more active leaVning; And one 
, of the most consistent findings ot^ 
educational research is that learning of 
all. I<inds is enhanced when learners can do 
something with what they ar^ learning and 
see the results of what they have. done. 
Computers can be prograrmed to call for i 
repeated input frqm users and to respond . 
immediately to that input. Thus students 
\ can attempt learning activities and can 
\ receive feedback on their attempt§--a 
Mevel of activity not possibly whfle - 
reading or listening ^o a teacher. Thi s 
^accords well with yourtgsters ' • ihcl ihatidhs 
to be busy, to. get into things^ to make an 
impression on the world around them. 

Computers are i hteracti ve . A computer 
is,, not merely a medium for presenting, 
materials to be learn:ed nor simply a 
mefdium of expression for students. It is 
both^ and more. A computer is also a 
device for processing a' student 's response 
and determihiTig in a split, second where to 
go from .there ./ A Cdmputer can present a ^ 
hew. stimulus that acknowl edges a student ' s 
former response no# only verbally but in 
cdhteht , appearance , and timi ng. Thus 
students clearly see that their input 
counts, that the program is responding to 
what they do^ 

2r More- va-ri- ed- sensory and conceptua l- 
mo3es_. Microcomputers as they "come fr'om 
the -store can display letters and simple, 
shapes in color; they can play single 
tones of varying pitch,- duration, and 
loud^ness. They will accept input from 
typewriter 'keyboards , game paddles, 
joysticks, light pens, or digitized 
drawing pads. They can be connected 



^ el ectrgni ca] ly wi th aiiy_ device that can be 

made to generate or respond to an > 

electronic si gnal . /or example, reason- 
ably priced equipment is nowiayai lable ■ ^ 
that can link microcomputers with 
videotape or vi deodi sc pi ayers , elect r on i*p 
musical instruments , scientific instru- 
ments, physiological monitoring equiprgj^ht, 
househol^d appl i arvces , and other computers; 
This makes a compilter a^n enormously * . : 
versati le^ teaching tool. 

3. -beaming with l^ss-mental drudgery ^ 
- Mental drudgery is doing things that you . 
already know how to do and that are .^not 
fun. It used to be wi dely, thought that 
^ such drudgery aided moral development.* 
Nowadays this view is out of fashion, but 
much drudgery still seems unavoidable in 
educati on--carryi ng but, the intricate 
.calculations involved in a budget or ah 
' analysis of .sei enti f ic d'ata,, rewriting and 
retyping drafts of a paper, searchi ng__the 
library^ card catalog and then the shelves 
for the books one rieeds, and so oh. Such 
drudgery eats awa^^ at the enthusiasm and , 
eifergy we bring to" otherwise interesting 
projects. i / 

■ - - • * - M '•' - 

Utility programs such as a spreadsheet 
for numerical calculatidhs^^ a word , 
processor, and a data search and_ rgtrie,val 
^ Drogram can eliminate Enough dru'dgery to 
make realistic probl ems, mariageabl e for 
youngsters. Once youngsters have learned 
to cdrry out the. simple tasks*suchV 
programs perform . automatical ly they can 

. then concentrate on pi ^nning a/id strategi c 
skiHs^ Learning to use such *uti 1 ity \ 
programs should gi ye youngsters a pow^ 
set of tools for anally si s--too.ls that 
require 1 ess tifne 'and effort and yield ' 

/more penetraHlng and widely applicable 
results than alj^ but the most talented'^ 
well trained, and disciplined of us can 
now ach1 eve. 

- 4. Learning nearer the speed of _ . , 
thought . When we -encounter: new informa- 
tion, whether live. or recorded, that_is 
presei;ited at exactly the right .pace for 
;/us, we find it exhi larating. Our' _ __ 
attention does. not wander^ _ hdr _dd we fall 
behind./. We follbw the train d.f thought 
seQ§1hgly without effort. . 



2 



But we seldom experience this"''peHfej:t 
itiatch. For exampl g * . speech . i\s . u^ual ly . 
much too slow. People tan f oT^.l pw/speech * 
more easily wh^en it is played bickt at^a, 
speed at least twice the normal rate.^ 
Yet, when we are struggling td^^^sorb. ^ 
new and strange i.de«, ordinary speech njay 
be too fast . * : - 



jrly programmed ,-/C0Oiputerfican^ 
' match the pace and tinj#Tig of a -presenta- ^ 
tion to a learner's requirements ai a 
.given moment. The result is saving time; 
an- average time saving of dne-thicd is 
typically found in comparing cpmputer- : 
basej;!. education programs 'with conventional 
ohes.-^ .Moreover, ■.satisfaction, pleasure, 
.arid confidence in learnings. increase. TRe^ ' 
corpputer makes one key goal of educational 
reforaiers--indi vidual ized rates of 
1 earrii rig-- rout i nely attainable. 

5. Jndi^i-dual ly tailored learning . It 
is possible to program a computer to ' < 
compose a lesson on the spot, tailored to 
the responses of just one student, using 
rules for selecting and^combining 
preformed components accordi ng to the 
student's prior responses. 

'When learnTng dif f icul ties -are net 
remediable, as in the case of handicapped 
Students, computers can ci rcumvent .i ndi - 
vidual -1 imitations and concentrafe instead 
dri iridividua>l strerigths. As the amount: 
arid sophistication of* materia] 'to be 
learried grdws^ each of us wi 1 1 . ericdunter 
OLir owri limitatidris mdre often. We can 
al 1 b^riefi t frdm extendi rig our perf ormance' 
with the aid df cdmputersw 



who has 



-teaming. 



^ Anyone 

subject -enti rely * 
person knows 
are 



tried to }earn a 
wivthout guidance from another 
that the most serious challenges 
„verifying progress and sustaining motiva- 
tion. ^ Gomputers off^r" students newv ^ 
possibilities for independent N^eri fi cation 
of theiT own progress. 



. . Programs can 6e written lb mbriitbr 
•students ' progress _tKrdugh lessons,-" tb 
' note [errors and offer extra practice .br 
/more 'ihstructibri where.?per;f broiarice i s' . 
weakest arid to offer help arid advice . ' _ 
whenSv^er studerits ksk for* it. Instead of 
pdririg dver a pUzzl irig:^equat i on for hburs ^ 
f ru it ISs sly 'seeking the source bf 'brie^'s ' 
. mfsuriderstariding^ a sesstori- wi th a gbod 
! progr.arti wduld. detect the.problem arid *' 
/proy.ide assistarice quickly. Fbr.th*e '"^ • 
highly, motivated studerit i: such h§1 p"! c^ri '< 
make the differerice. betSwIe^f^ beirig able to 
1 earn irideppldert-tly arid being forced to 
^ find/a teacnerT-ari dpti9ri that' is riot . , 
always bperi. - ' 

; 7 . Beiter^'ids to ab'stracti dry . The act 
- of programming itself 'Coi be an aid Po 
' understanding abstraction;. ,Wheri we write 
^ . a program, we represent compl ic.ated ^ 
"/ processes pr^sely ^and 'di rectly. \ ^ ' 

Learning to write cjear, <:ompjete " " 
;M nstrbixti ons that enable a machine to 
' carry dut a task i^ every bi t -as di f f icul t 
a3 (anctf perhaps> moi;e usef,ul in an 
^ectrqnic age thafY|vl earn'i ng* to d o ^ ' 
arithmetic computat;ron|i; ' Writing 'even a 
simpl?* program -is a form of abstraction ■ 
that i s cl osely .afei n to action, and for 
that 'reason it may , be more. accessit?le to 
ySurig people thanCthe stati^c ' symbol i c 
forms we have tt^aditional ly struggled to 
teach them. ^ s ' * 



Computer graphics and computer simula.- 
tidri are al so^poyverful new m,eans of 
represeriting ideas and .relatlonshios in 
ways that permit-us to a,ct on thenTand to 
see. the' cbrisequences . Computers can be " 
prdgrammed jtb create model worlds tHat 
dperate'accdrdirig tb a combination of > 
strict rules arid 'paridom processes and to 
give studerits complete control over them. 
These simulated worlds should be powerful 
aids to cdri^ceptual learning arid* thinking, 
enabling stl^tii^ts to learn abstract 
re] atidnshi ps ^ rridre easily than* by mer 
readi ng about ' them* 



i ii dames A. ^Kul ik, b. Barrgert, and G.W. 
Williams, "Effects of Gomputer-Based • 
Teaching on Secondarj^ School Students,'* 
J. Ed. P^ych., Feb. 1983, 19-25. ^ 
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The potential of cdmputers iri educatiori 
is very great, butn't is ridt uril.imi ted. 

[Tie now turn to some of the cdmputer's 
limitations. 



Liiiiltaiibhs of Micros 

The foil dw.i rig seven . probl ems seem to. m& 
to be the /ndst severe limrtattoris of 
today's mi\crdcdmput»rs / 1) 'Hicrdcomputers 
'can*; supplement cdriveritidnal edQqatidrii ^^Ut 
'they canndt substi t^ite fdr it. ' 2).Jdda5^ 
microcomputers' are hard td use^ and , ; ' * 
teachers prepared to use thefn. are in shdri 
supply. 3); New"pr35ducts arid systems are" 
bein^g cl^eated^and m^rk^ted in^'sucli; ' ^ 
profusion, with. such speed,, and with so /i 
l,tttle sta-nda'c^i-zatton that' systematic, ^ 
1 ong-term pi ann jng ts nearly impossible. 
4) Gopd programs are^ scarce becahjse ; • 
creating them for today's microcomputers 
J s di ff i cult , t^tae-cbnsuming, artd expen- 
sive.: 5) We are only beginning to 
•understa^nd how to- use "mi crocomputers in 
education; therefore, it is,'^easy for"* a 
school ^or teacher to err, loolc, Ttfol ish,.'ar 
doy^harm. 6) Programs for teaching . ..^ 
explicit^ formal models can be creal:.^ 
read-ity with known techni-qu^s, bj^jt it is 
much more diCf1cul.t to^use comfwrfers .to\^ 
teach' subject matter that in^Tolves ^ 
judgment , intui ti on , improvisation, and 
creativity. 7) Microcomputers, will- not 
'solve (and may aggravate) several of the 
most serious current prob-lems- confronti*ng 
educati dn--notably equity, school fin.ance, 
and divergent public e?^peetati ons. Each- 
df these 1 imi tati ons dese_rves some, 
elabdrationi * ft , ' 



1. Supplement , hdt substit^ite. 
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perideht. studyi home 1 earrii hg^ _ahd 

. le^Triirig all have low. rates df 

• Their chief problem i'S td sustain 
mdtqvatidri arid |iarti ci pati dri iri the 

'.absence df a ^fe^rriirig grdup^ a t^acher^ 
'arid a sdcial structure. The'^tUdieS df 
cdmputer-based ediicatidri repdrted iri. the 
1 iterature /cover ditly uses* df the cdmputer 
■as part of ^ri ongoing Class dP schddl. 
jfi?l though computers have generally been' 
successful 'in these;; studies ,^ the 'leap 
from this supplementary use to irideperiderit 

, study- via computer is a giant ona. 

_ vEyen though computers 5eem to ease the 
problems of distance learning, we are a ' 
long way from susfatning a mass 
-educational system "via computer. * 'Indeed, 



we have riot yet demdrist rated that. 1t can 
be ddrie at all.,, At. least for. the*, next 
decade, .cdmputers will be strictly 
suppl erneritary td cdriveriti drial fdnris of ; 
educatidri. * • : 

t ..... . * . . 4. . _ 

2x. Mtcrrdcditiputers^ are hard td use . Our 
exper'iejice at ttie Micrdcdmputer Iristi tute 
^fori Educatdrs at Stanfdfd University 
during the^ past twd summers indicates that 
highly mdtivated teachers pari leaTri to\lse 
m'lcrocomputers for CAI-, learri tp progj:'am 
*in BASrc, and 1 earn to v^ork with - 
youngstfBPS in computer literacy and 
computer programming courses^ in- six weeks 
of full-time study, six' hours a day, five 
days a week---a total of 180 hours. / 
Perhaps this figure could be reduced 
somewhat bjj careful planning^ But what . 
remaVns woiild/still re.qulre more hours of 
study t^an arty si ngle semester-long 
coi lege, course. 



2. Ibid:, p. 123. \^ 



And such a course df study is qrily a 
begiririirig fdr'.ari educator who wants td use' 
computers prdfesstdrial ly . Each cdmpUter 
has jts dwri way df ddirig thi rigs whiqh 
miist be learried ariew reg^dleSjS l)f pridr 
experierice. Each- df the hal f ddzeri dr sd 
cdmputer larigliages i/1 widespread use 
requires further hdurs df study. Each.riewl 
rdurid df products -is mdre "user-frieridly , *^ 
but it will b^ years before microcomputers 
^are as easy td use as movie ^prd^ectdrs-- ^ 
machiries that are already tdo complex for 
mariy teachers. " 

Rapid change^ and lack^ of 
acirTaydizatld products are . 

t^harrgifig raptdly. arid each one- ha5 its* owfi • 
peculiarities, the ceturri on 'the invest- 
ment of time Jnd energy in J^arriing to use 
the system is^ldw. ^As sddri as'you'.ve^ 
mastered brie system arid become comfortable' 
with iti aridther drie becomes available 
that does 10 times as much arid costs drie-^ 
terith. 3s much. The 'drily problem is that ' , 
it wSl take ydu a year to learri the riew 
s^^stem. « ; 

School s do not nave the resources ta . 
provide contiguous inservi^^ training foe 
ever-ch^nging\;.omputer- systems , nor wi 1 1 
teachers' continue indefinitely to give up • 



. and accessories purchased for existing 
machines may not work with the next* 
•generation, and they will certainly be 
incompatible with competi.tors * machines. 

• ' • 

Bdlicymakers face the choice of 
investing in today *s systems and forgoing 
**tlje-new ones, ar, perhaps^worse, they see 
^^^ha^^this same painful, dh6ice._wi 11 ' 
continue to confront them indefinitely. 
This makes long-term plannihg nearly 
impossible'and militates against the 
economies' of scale that coul^d come from * 
eoardinated programs of adoption and 
purchase. Perhaps standardization^WTl 1^ ^ 
eventually come to. the cpmputer industry. 
But I dONnot .expect it within the next • 
five years andjprbbably ncrt within the 
next decade. " 



4. - Sj:arcity of good, programs . Most 

'■• teachers adapt curriculum materials and 
activities for their classes. 's Some create • 
new. acti-vi.ties, ahd_a* few of these write 
tip thei r creati ons for publ icatlco jh 
prbfessi bnal books br^ jblirhal s. OhlyV • 
bccasibhally is a. teacher al sb' a' devel bpe> • 

. of commercial ly publ i shed _curricul um ;^ 
materials. Developing sbftwareii fbr 
computers is at 1-east ah order of ; 
magnitude more difficult tKah develbpihg 
print materials that bccTupy a similar - 
amount of i nstructi brial - time. In order to ' 

• develop software, -a^teacher miist b'e able 
to program as well as to write. And a ^ 

' great many more instructional decisions 
must be made if 'the additional' . 
capabi 1 i t ies of the machi ne--timi ng , 
.handling students' responses, feed-back, 
and so on — aKe to be exploited.: . • ' 



Larger, more expensive microcomputer 
"systems can make the software designerlst 
Job easier by providing such aids^as • 
uti 1 i ties' programs . for graphics ^to, -make . 
drawici^ on the screen e§sieV; authoring 
languages to make programming' easier; and 
standard subroutines to handl e_ errors more 
ef f iciently . Wiftiin the next, decade, even 
more, sbphisticated ;tbb^s will btcome - 
widely avail at3l:ff', further simpli'-fyihg the - 
design of .software*^ But educational . ^ ^ 
sbftwar-e design wi 11 remain a highly • • 
sJ<|il led/^raft. that * few. wi 1 1 master, ahd* a 
shbrta-ge of good* 'Sbftwa^ will cbhtihue. 
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cbinputers well for education. The only 
thing that is absolutely clear i^s that the 
introduction of computers will require : 
changes in the day-to-day operafion of * 
^ classrooms. Most ^of tfi'e time in toUay 's^ • 
Classrooms is sp^t with teachers talking 
and children listening; (Two-thirds of 
all classroom time is spent this; way, - 
researchers say. J 

The most extensive and ambitious 
e,valiiatiohs of education programs that use^ 
cbmputers have studied programs in which 
cbmputers. were used for brily twb or three • 
hours per week for less. than an. academic 
year. ' Students general ly_ wbrked by 
themselves on simple dri 11 -and -practice 
routines. or; tutorial s. . We db not know 
what would be the cbhsequehces* of 
extensive use bf simu.l atibhs _for concept 
learning^ of extensive use of .computers^ \ 
for inquiry by small grbiips of ybungstjjes Vi: 
or- of giving ybuhgsters ac<:ess to massive 
libraries of -data. We will simply have to 
try di f fef eht ways of using computers and 
careful ly assess the results as we gb* 

6. Formalism favpi^d over judgment . * 
Computers handle .rule-based procidures 
more* quickly and accurately than any human 
being can, once the system of rules and 
procedures has been wo r-ked out. The field 
of arti-f ici al i ntel 1 i gence takes upon 
" itse}/ the tas^^of discovering the ex'tent 
to which^those human capabi 1 i ties we 
regard as^intelli gerjt can be represented 
in rule-governed procedural mod.els and 
therefore programmed for computers to 
carry out. Perhaps at some point we will 
Siscov'er that everything we now regard as 
intelligent abouf: human behavior can be 
programmed for comguters. Consider the 
adjustment such a discovery would req-UT£e^ 
in the^ sel f ^image* of our^spect^rT^ IrT the ~ 
meantime, people. cahTdo many clever and 
important things taryl^Stter thati their 
ersatz kin--carry on^convcersations, make ' 
jokes, create art, invent art forms, bu[ld 
theories, infer intention? from behaviors ^ 
and, in general, handle novelty and 
ambi gui ty 



Using tbday's micrbcoraputers ^ we. can 
construct quite cbmj3lex_ formal model s arid 
these cari be used.tb ^e^p te^ch studerits 
how to, work with formal systems of . 
kribwledge. Mathematics lerids ijDself to 
computer treatment I of course^ but so do 
spelling^ ^rafiimar^ purictuati pri ^ those' 
mparts of science that treat forma 1^ ^ 
theories and their corisequerices (e. g.^ the 
physics of motibri or calculations 
irivblvirig chemical equi 1 ibritlm) i skills 
such as typing, masses' of arbitrary facts 
(calfed data bases) that appear frequently 
in history arid gedgraphy--i ri^ short , much 
of the staridard- curri cul urn of elemeritary 
arifl secoridary educatidri. 

But not all. Literature, the arts,, 
mathematical inventioHj scientific appli- 
, c^atioris , those parts of science as^et 
unformalized, those parts of the social 
studies thatp require a broad or dee.p 

understandi ng of human i nteracti on--in 

short, much of what, has traditional ly been 
considered the core of the humanjties 
remains unformalized, not yet reducible to ^ 
'formal rules and prop^dures. Computers 
can be used to help teach these "soft" 
subjects, but their application is neither 
simple nor straightforward. And the 
di fference. between a student working with 
a computer and the same student working 
with a qaali.fied teacher i^ much greater " 
M^n these areas. 

■■ i 

7. fompater^ J^i 1 1 not solve current. 
schQol_ p-rabl-ems . Computers will not bring 
racial balance to segregated schbbls_or : 
racial harmony to i ntegrated ones. They 
: vf i 1 1 not redress inequities in fuhdirig 
<between schools in rich andpobr areas^ 
/inor will the^ overcome subtler inequities 
<^i.n the quality of educatibn that stem from 
•^differences in race, ethnic group ^ gender ^ 
or sbcibecbhorriic class. Fuhdirig levels 
for education do riot appear likely to rvse 
because of.micrbcbmputers. " Rival segmerits 
of the public will cbriti riUe . to hbl d * 
contradictory expectatibris for schools and. 
to struggle tb_impbse their owri views ori 
the schbols.j 'Teachers will cbritirtue to be 
> -laid off, the teachirig force will cdritiriue 
to age i /arid few talerited ydurig people will 
.Choose teaching as a career.. Educators 
arid • educatidrial leaders will still have to 
face thes^ serious problems.^ 



It is cbriceivable that, a cpmputer . 
ceriter cbujd.be riiri sci as* to. Harmdriize the 
sbci^al . di vi sibris witjtij3U>a school arid ', 
cbnimuriity, Blit uril%i^ special care is 
taken I ifJftiputers are l ikely to be usect - 
mairiiy by middle-class mal e. students" for 
mathematics arid Scierice iriStructidri. 'A 
tal erited , ' dedi cated teacher or -schdol 
admi ril strator cari countqract.^these tenden- 
cies arid Irisure that all chi Idreri have 
relatively equal access to computers. But 
this takes ef f ort , pi arini ng , and coopera- 
tidri, arid riobddy claims tha^t micro- 
cdmputers supply these commadi ti es . 

Si rice mi crocomputers pi ay a supplemen- 
tary role, they worsen budget problems.^ 
Even 1 f the computers are donated^to the 

schools, they must be maintairied and 

repaired, people must be trained to use 
them^ and software must be* created or 
purchased. Thus computers s-ti11 add to 
the cost of education. 

The philosophical chasms that divide v 
the various publics served by. the schools 
also divide supporters and opponents of 
computers; Al r^eady the mark of progresr 
sive, open education can be seen .on. 'LOGO — 
and that of conservative Educational 
philosophy on dri 1 1 -and-practi ce programs. 
Already we_ can hear the clarion calls.af 
edu.eational si og'aneers , such as, "Will the 
computer prbgra'm the child or the child 
prbgram the computer?" 

As a new cbmpetitbr fbr limited * 
educati brial resources i computers ar^e; . 
certain to arouse bppbsit.ibri. Computers 
threateri tb disrupt established classroom - 
rbutiries arid tb put_riew pressures bri 
teachers^ sb it wbuld be sUrprisirig if 
sbme teachers did ribt bppdse thei r 
iritroduc^tibri iritd schools. Certairily some 
deferiders of «humariist educatidrial Ideal s 
arid traditidris are alarmed at _the 
pbssibi 1 ity that their ridtidri^f.a gdbd 
educatibri will ridt survive the 'Widespread 
use of Cdmputers. , . - 
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Summing Up 

. Is it worth iti then? Are* the 
j imitations tod severe aHd the advantages 
too slight? Readers must judge for 
themselves, but* for my^part the answer is 
a compjex and qualified vote of confadence 
for cornputer| in education. 

■_ _ For some* commuhiti es , some schools, and 
some^teachers, Computers are not worth it- 
-not now, /not today's micrbcomputers. 
They can '^ai-t and see yJhat happens , buy ing; 
in later if thi ngs go wel 1 , when the 
hardware is more stabi 1 i zed and the 
software better deviay oped . , 

But it is very important,' ! thinks J^r 

some communities, some schools, and Some 
teachers to embrace cpmputer-based 
education wholeheartedly, to strive to 
make it work for them. Success in Using 
microcomputers -for education wi 1 1 not 
solve thfe serious educational problems ^ 
schoqls face, but failure wi^ll leave the 
schools even more poorly equipped to 'cope 
with them. ' , . . - - 

Th^ microcomputer and -its re]atives, 
the' bther information technologies, are 
the new tools that happen to ..have been 
invented in our time, tearning to use 
'them, wisely and .well is one gf the major 
challenges we face. Ue have the 
opportunity to explore. a new' and very 
powerful medium o'f education andoexpres- 
sioh. How can we let that chance slip 
away? / 



' . Why.ij it so difficult to -find godd 
educati^ial softWare? Is there anything a 
teacher^r school admini strator can (Id td 
.apeviate the problem? Ts it_n'ikelj^ to 
get better.in a few years? These ^arfe the 
questions I will consider in th'Ts sectibh. 
^h cbhs.idertng therii I will need to begin ^ - 
with the more basic issue of how computers' 
are U'sed in school s. • ' 



Cbmpiiters in«Schbdls: 
Varied Patterns of Use 
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^Computers can play a variet-y bf roles 
education, ranging frdm the mbst 
marginal rol ^-as .a supplementary 
optional activiti' for a few students ^ to 
the major role as a "teacher" bf ^ cbUrse. 
Mdch of the^ excitement about computers in 
education is attgchedto the J dea bf the 
computer as a'' •*t^acher" in its own right-- 
as a Socrati'c, tutor , as. a magnificent 
'diagoiostic device locating and remedyihg 
studerits ' mi sanderstandihgs , or as the 
ultimate audio-v-^i sual device branching 
students through the Library of Congress 
on personalized learning paths. -^Butithe 
present real ity is that computers plSy- 
mainly a marginal role in schools except 
in computer programming-' and 'computer 
fiteracy class'^s and such vocational 
courses as typing, aecountiing, and 
electrbhics. ; 



n: THE SOFTWARElPROBtEM 



When the:_time cdmes tb Use" computers 

Xfor something beyond computer prbgramming 
and computer literacy , the software 
problem:l6oms. There seems to be a great^ 
deal of software: sirtfply wading through 
all the titles /searching for what ybU want 
can be a day^s work. But try finding sbme 
software to .teach exactly what you need 
; .taught and you wjl3', at least nine timfes 
out of ten, encounter ^'the software 
prbblftrii 



The sbftwgre problem is relatively mil 4 
tn these appl ications becatise teachers 
can Use the^sbftwSre developed for ^ore 
general pUrpbses^ such as operating 
systems, languages, word processors,. • " 
accounting programs ^ and the like^ But 
-when we tu rh tb impbrtant appl ications of- 
computers td mainstream academic course^ 
such as Engl i Shi math^ science, social 
studies and languages we find the software 
problem much mdre severe. We 'also find, • 
and it is no coincidence^ that use of " 
computer's as a majbr part of the teaching 
of these academic subjects 'is quite rare 
today. ^ , 
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Tiiat the Software problem is most 
severe in mainline academic sabjects is an 
impdrtar\t clue to some\of the origins of 
the problem. In those educational appli- 
cations where computers -are now being 
widely used--computer literacy, -program- ; 
m1ng» vocational appl ic-ations^-generally^ 
oa.ly a single piece of-'software is needed^ 
§n operating system', ^a language, or a . word 
processor.' In Jhe te^chi ng of an academic 
subject Itke al gebra , 'however , perhaps as 
many as a doz?*n or more stibstariti al ; 
programs will be needed if the cbmputer_is 
to.be useful over* th^ entire course. If 
we multiply the number of subjects taught 
'(perhaps an average^of 8 per year) by the 
number of.gradp levels (12) t)y the number 
of programs heeded per course- (s.ay 10] we 
see that nearly UOOO programs are heeded 
simply *to cqver 'the public school academic 
cjurrl cul unj with only one program per \ 
tbpic. 

So, eve.h . though^oftware seems to b^ 
fldbdlng the market--our files at Stanford 
include over 100 catalogs of educational 
software with more tRan 3,000 titles-- ^ 
coverage of the software needs in academic 
subjects remains spotty. When you con-^ ' 
sider* tbat most of the items in the L 
catalogs are concentrated in a few S 
.subjects and topics ' (el ementary math drill 
and practice, spelling, and computer 
literady), U is easy ^to appreciate the 
enormous variety of the demand for 
software. :Thi s variety means _that the 
market -for any single piece of software 
filling only one 0f_these thous-amds of 
niches will be smal^Ker than, the ma^et for 
more generally useable programs.- 0?lt 11 
the number of computer-li^i^hg teachers in 
the., various subjects increases subst^n-^ 
Jbially, the market for sdfttare in those 
^uSaec^s is too limited to justify an 
investment in producing it. And, so long 
,as the selectioh of software is limited^t 
marty schpols and teachers will be 
rel uct ant tb u^e computers ih-t^e1r • 
teaching. This is_the* fami Catch 22^ 
situation that confronts any tnnovati on , 
but the fc^agmehtatidn of the market 1 nto 
so many niches mafcis the problem more 

severe in the case of substantial 

appl icatiohs of cdmpirters to mainl ine 
academic subjects. / 



Good Education Software 

^ _ '. V 

Computers ^have been called "chameleons 
in the classroom'' because, they can be used 
" iti so many different ways, eomputers used 
for drill _and pra'ctice with i^ndivi dual 
students seem so different' from tbe 
machines used as an^''electronic black- 
board" to present animated geometry 
diagrams' or from the machines ustd by a 
small; grouft of. students in a simulatibh 
game. The jdi f f erences ar6 produced by the 
— software j tge conipjuter may well be the 
same machine in all these applications. 

The quali'ties that make a computer work 
well for one of these ecjucati bnal uses may 
not necessari ly be desi rabl e in the 
others. And this is another scJvJrce of the 
software, problem: varied criteria. A 
piece of software that does -a^^good job pf 
teaching arithmetic facts €nt^ah ^i^ill 
.and practice wiJT hot satisfy educators 
. who want proy ranis that develop Lnderstand- 
ihg of number concepts. A program 'that 
ehter^ihs and moti vates students with ^ 
color graphics and animation will please 

those whose educational phi losophy is 

chi 1 d-cejitered and displ ease those whose 
philosophy is more subject-centered. Such 
diversity of ^iteria further reduces the • 
1 ikel 1 hood of finding software that will 
be generally regarded as good and 
*v increases^ the number of ^^iches in ah 
already fragmented marlcet^. 

Final ly, we must recognize how^^^ are 
' the standards .typically /usEd to judge 
educational software. Few^ispute that 
computer programs can teach number facts, 
• but we also know'^that traditional methods 
l^ach as flashcards, can do the. same job 
and much more cheaply. Computers, tjeing . 
more coHly ,_must*accompl ish more than 
traditional methods if their use is to be 
justifieti economically. By extensioh.of 
this line of reasoning, ways 'must be found 
to use'^omputers to teach the most . 
difficijlt concepts and skills, those .which 
substantial numbers of children how fail 
to learn using traditional methods. Jo 
developprogrlms that* achieve these high 
standards is not an easy task. We 
certainly cannot expect that ani^dne should 
be able simply to. sit down and write siich 
programs. They require thorough analysis, 
deep tjiought. and inspired design.^ 
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The fundamental problem is a shortage 
of educational software that can be used 
as a major part of ^he teaching of 
academic subjects in elementary and 
secondary schools. The number and variety 
of programs needed to alleviate tlxis 
, shortage is large, but, as the saying 
gdeSi "ydu ain't seen nothin^ yet." We* 
have yet to_ consider several other aspects 
of the probVem that make it larger and 
more severe than it seems so far. The 
aspects that follow are presented in no 
particular order. 

1. Dev^elopment tu ne and co st . The best 
estimates of the time required to design 
^ and code a computer program range from lOU 
to 300 hours per hour of running time. " 
This* does not include the time needed tO , 
think up the program ideas. Thi,s 
translates into a development cost for a 
program that ^students might use for one 
hour of between $2,000 and '$100,000, 
depending on its sophistication and > 
complexity. By contrast, to produce text 
material to occupy a student for an hour 
is a matter of a few hundred dollars at 
most. And remember that the market for' 
the software is limited by the number of 
machines available and the large number of 
small niches in the market, much greater 
limitations than apply to text materials. 

g. fe chine Inco mftatibi 1 1 ty . A hew form 
of Murphy's law: The program you' want is 
only available for a. machine you don't 

3. Softwar e— pi-t^acy. Software mahufac- 
turers are rel uctant to invest in the 
development of products that will 'be 
copied at no charge by the customer. If 
one can sell only one copy of *a program 
per school?, the price necessary tg.jr'ecdver 
the investment must be large, between $300 
arid $500 per copy. This, obviously, makes 
it prohibitively expensive for a school ta 
buy enough copies to supply one for each 
computer and therefore ensures either that . 
the software will only be used as a* 
supplement or that it will be illegally 
cbjDiedi 



4. Locating and^ revtewirig sdftware^ ^ 
. Even wherv gddia software exi ^ts ^ 'finding it 
and. v§ri fy ihg that It is good are 
ndntrivial prdblems._ Indexes are begin- 
ning td appear that list software by 
subject, jrade^: and other useful, 
^properties, but at this moment, coverage of 
such indexes is spdtty. A number of , 
journals publish reviews (?f software, but 
finding a review df the pri>^ram you have ■ 
in mind remains difficult/ What we need 
are specialized publ icatidhs that review 
programs in a smal 1 area with [particular 
reference to their usefulness in the 
classrpom. Again, we are c^sCfrdhted wTth 
the problem of a plethdra dT small niches 
which make it unecdndmic td provide 
reviews to such a small audience. 

: 5 . Competi tion^f or^Jtbe home mar-ket , . 
rather" than the school . Ihe number of^ 
installed m^c^iines in homes far. exceeds 
the hiimber.in schools, and individuals buy 
^ total' dbl 1 a'r volume of software several 
times greater than ^schools* Software 
manufacturers can therefore sell to a ^ 
I larger market by producing for the home.. 
And most of them do. This means that 
software is desi.gned primarily for 
conditidns in the hbme--one student per 
computer, unsupervised use, episodic use 
with lit'tle extended cdritinui ty in the 
development ,df skills and ideas. 

6. Problems in. integrating ^gftware 
into the c.lass^raom's other acti vi^ties .:' 
tyen a we 11 -designed piece ot software 
will riot fit exactly into a given 
teacher's plans. Adjustments must be made 
td accdnKjiodate it.._If the software is ngt 
rnddifi^b^e^ theri all the adjustments, must 
be made elsewhere, and there are limlts^to 
a teacher^s willingness to, tailor 
everything else to one program^ And -when 
a tea.cher uses several' programs Jn the* 
cdurse df a year^ each. of which requires a 
different set of adjustments^ the problem - 
may becdme /^nsurmouritabl e. ' Exampi 
include the •'speHing program whose words 
do ndt rtlatch^ the teacher *s goal s, the math 
program which .iritrdduc^es ski 1 1 s iri a 
different sequence' from the schooT'si^ 
curriculum, a'ri'cl the science program Which 
(jse,s a different ndtotiori from that in .the 
textbook. . ' , \ ' 
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All those ditticulties trdhslate into a 
higher cost- to prdvide the software 
heeded. _ The cost of equipping a single 
course ih one school with ohbtlgh software 
to bo used. one hour per week for 3U weeks 
in d school year , assuming appropriate 
prbgraiiis \yere aydildble at today's typical 
jDfice of . $bp peV diskette* and ah 
optimistic 'playing time' of three hours 
per diskette* and one /di skette ' f or each 
three students in a thi rty -student class, 
comes to $5,000. This figure is too 
expensive by a factor of ten. So lorK^ as 
costs are this high, the market in schools 
wi 1 1 be thi h . : 



What To Db7- 



What can be done -today to overcome the 
software problem? The software problem 
manifests itself as an t^ionomic- problem, 
even though not all of its'^cau.ses are 
economic. The home market for educatidhaV 
software prograrns wil 1 1 ikely continue to 
be bigger and richer thati the school 
market, and therefore sbftw^j^e cdmpahies 
wilj continue to produce for that market. 
Eventually, cbmpetitibn for that market 
w> 1 1 make. the smdl ler niches in the school 
ifiarket rel atively ^Tibre attractive, and we 
wi 1 1 then see^: more prbductidh of software' 
specifically for school s .-^ In the mean- 
time, however, the home market is far from 
saturated, so the present si tuation is 
likGfly to cbhtihue for some time. 

Only Targe-scale actions would change 
this economic" si tuation substantial ly. If 
the? gbverhmerit and private foundations 
cbuld be persuaded to fi nance. dozens of 
sbiftware projects, in -education, that would 
mak^ a dent in the problem. If districts 

formed consortia and invested thei r own 

funds in the development of software, that 
would have a ■ si gni fi cant impact. Million 
dollar Contracts between software develop- 
ment houses and school distri cts tq 
develop, software ^col laboratively and share 
royalties would have an^effect. And the 
simple growth of a school market for _ 
software wil 1 , in itself, stimulate more 
and better software. Progress in this 
fundamental aspect of the problem requires 
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growth of investment or expenditures or 
both; If this growth fails to come or 
comes slowly , the software problem will 
not improve, regardl ess of anybody's good 
intentions or hard work; 

In the present thin market, buyers'* _ 
decisions have an immediate and powerful 
shaping effect on producers-. Thbse 
products that sell will be widely 
imitated, while those that do not will 
rapidly disappear from the_catalogs. 
Schools can i nfl uence the future directibh 
of growth in software by_:being_ 
discriminating buyers. Buy only prbgrams - 
that giv? you the most for _y6ur money ._ 
One measure of the value.bf a piece of 
software i s_ the number bf _stUdeht-hbUrs of 
use per dbll.ar of cbst. This fi_gure dUght 
to be computed in revi'^ws of software 
prjbr tb every purchase, Ahdther^ t 
iinpbrtant quanti tati ve_ ihditatbr is the 
' '.extent bf ybur cur('icurum covered" by a 
. prbgram. Ohff that is Useful in only 1% of 
a year's classes is less valuable than one 
Useful in 10% bf classes. 

What actidns can an individual school 
dr district take to cope with the software 
problem? One thing that should be-done Is. 
^ old-fashioned curri cul urn devel opment . 

Scope and sequence charts are heeded 

showing just where what types of computer 

^ progi^ams can be used and teacher^s guides 
showi ng how they can be i ntegrated wi th 
the other ingredients of a good course. 

. S 
'The problem can be eased by extensive 
use of tool -type prograrrfs and modifiable 
programs. The Music 6onstruet1on Set is a 
program that transforms a computer into a 
C^pposer's typewriter. A staff and 
various symbols aj;e displayed_5n the 
sdreen and these can be mbved%found with 
keyboard cormiands. or a light pen to 
compose music which can tKeri be played by 

-.^ the dompater with the press of a button. 

> ' Sach a program can be used thrbughbut the 
year in a music class. A spe|l ing prbgram 
which permits teachers tb_ enter their own 
words is much more valuable than bhevwith 
' a fixed word list. Insist on prbgrams 
that can be used as tools by teachers and 
students, progranis that can be tail bred tb 
suit your curriculum. 
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:OhG 't^pe of educdtibhal software that 
is little known in this Sbuntry but widely 
discyssed in turbpe and ,J|apan can be used 
to great effect in, acadaiylc elassroomSi 
.These programs are cal le/ •'eleetrbnie 
blackbodrd'^ programs. _ One such program, 
■ ' Quadri laterals , is published by Readers' 
Digest. A teacher uses this program on a 
single computer at the front of the ^ 
cldssrodnr, with a screen large enough, for 
all students to see. Using game paddles ^ 
the teacher is free to walk around the 
room whi le control 1 i<n^ the display. _. The _ 
teacher can choose to have text displayed 
^or only diagrams, t Questions be posed 
for class di scussi dn^nd then the 
animation powers of the> prbgram used to 

Sshow the answer on the. diagrams. The 
i^rogram is used very much like a 
chalkboard by the teacher , *so. that no 
' .^xiensfve inservice is hecessary^to 
'Pripare teachers to use it. Such programs 
can be extremely fto^t-ef fecti ve" ways to 
yse computers in. the teaching of academic 
j^subjects. 

Tedehers can preate their own educa- \ 
tional .software. To do this 'from 
.scratch' in Basic or assembly language is 
a difficult arid time-consuming activity 
that cannot be expected from teachers 
working full time;. Buti usi:ng ari 
_autho-ring system such as Pi l ot teachers 
can develop lessons in only slightly more 
time than it -takes to develop ditto 
masters or overhead projection sheets • 
However, to develop software that is truly 
i hteract i ve_ and that accompl i shesHhi ngs 
conventional methdds cannot remains a high 
arti difficult and time-consuming.. It 
might be reasonable to expectia talented^ 
dedicated teacher wbrkiag with ah 
authoring system after school ^ weekends^ 
' arid hoi idaySi td produce two or three 
hoUr;s' worth of such programs iri the 
course of a year, but riot more. Uriless • 
ypUr school has ari uriusual coriteritratibri , 
of these rare birdSi it i^ uriSi-se to rely 
Updri teacher-made cdmputer software for a 
majdr part of ydur cdurseware. If you are 
determiried td rely X)n teacher -made, 
sdftware, ydu might cdnsider Cdritractirig - 
with the most able teacher-deyel dpers td 
spend a substaritial pdrtidn df their time, 
for a year dr sd developing sdftware. Ydu 
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migRtj.|ven consider enterl rig ifitd a - 

consortium with_neighboring /districts to 
poof the t,aients of your teacher- * ■ 

. deve'l opers . ^ ' - . \-' 

, :It :is possible ±0 lease or jaarchase a 
ebmiDlete s^t of integrated software 
designed for school use. Gomptiter Gurri- 
euluDi Corporation, for example, has 
complete computer-administered courses in 
most of the subjects of elementary and 
secondary schools. Many- publ i shers ot 
basal texts for the elementary school also 
of f^r cdmputer software designed to 
Saccdmpariy arid erihance their text 
materi al s . Cdritrdl Data Corporati on ' s 
PLATO system offers a .good seleetion_of 
software' for most siphbdl subjects. These 
integrated software^systems are expensive^ 
arid they are ridt tai Ibrable' to an 
iridi vi dual : schddl 's dr teacher ' s r>eeds , 
but they may be mdre -cost -effect i ve than 
assembl i ng.your Own sdftware from catalogs 
dr develdpirig teacher-nilde materials in 
many i nstarices . " ^ 

Over a somewhat longer period arid 6H a * 
larger scale, you might cdritemplate 
enter^'n^ iqjfe col 1 abdrati V arrarigemeri^s 
^[^b softw^e developers td wdrk dri the 
^ost press^g software deyeldpment rieeds. 
Consortia Jof districts contracting with 
' private developers and involving local 
teachers in the development process cari be 
a ^powerful devel opment strategy . * Col 1 a bd - 
ration^ also possible witfi professional 
assoc j.ajT &tis. Such *ini ti at i ves jDuft your 
• s'chob^i nto the software development 
bosinjffss and this might be difficult to 
.arrange with, your board, but they give you ^ 
more control over the software than ydu ' 
. get . any other , way . ' ' '^^ 

In summary, the .software problem is 
serious arid can be traced to so»ne 
furidamerital ecoribmic causes that ^re not 
> easily dvercdmei -but there are construc>- 
^*tive ways td cope with t^?e prbbleni if you 
are wilfirig arid able td"irivest the money, 
time, energy , and initi ati ve* Jhe problem 
• will ridt .gd away iri the foreseeable 

future,' in any , events andHt wil l only get 
substaritial l;y better as more organizations 
Irivest mdre iri develbping good educatibrial. 
sdftware. , ' ' . • ' . 

'11 ^ ■ ' ^ ' ■ • * . 
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